Estrogen receptor regulation of carbonic anhydrase XII through a distal enhancer in breast cancer.
The expression of carbonic anhydrase XII (CA12), a gene that encodes a zinc metalloenzyme responsible for acidification of the microenvironment of cancer cells, is highly correlated with estrogen receptor alpha (ER alpha) in human breast tumors. Here, we show that CA12 is robustly regulated by estrogen via ER alpha in breast cancer cells, and that this regulation involves a distal estrogen-responsive enhancer region. Upon the addition of estradiol, ER alpha binds directly to this distal enhancer in vivo, resulting in the recruitment of RNA polymerase II and steroid receptor coactivators SRC-2 and SRC-3, and changes in histone acetylation. Mutagenesis of an imperfect estrogen-responsive element within this enhancer region abolishes estrogen-dependent activity, and chromosome conformation capture and chromatin immunoprecipitation assays show that this distal enhancer communicates with the transcriptional start site of the CA12 gene via intrachromosomal looping upon hormone treatment. This distal enhancer element is observed in the homologous mouse genomic sequence, and the expression of the mouse homologue, Car12, is rapidly and robustly stimulated by estradiol in the mouse uterus in vivo, suggesting that the ER regulation of CA12 is mechanistically and evolutionarily conserved. Our findings highlight the crucial role of ER in the regulation of the CA12 gene, and provide insight into the transcriptional regulatory mechanism that accounts for the strong association of CA12 and ER in human breast cancers.